Western North American Naturalist 79(3), © 2019, pp. 394–402

Population trends of the native fish assemblage
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ABSTRACT.—The protection of riparian zones is critical for biodiversity conservation. The exclusion of human activities and invasive nonnative fish species have been used as measures to protect vulnerable native fish populations in
Bonita Creek, Graham County, Arizona. The abundance of 5 native fish species, during 2005–2016, and mesohabitat
proportions, during 2011–2016, were estimated at 4 sites to assess the effectiveness of these conservation measures.
Interannual variation in numbers was high for all the species, with the speckled dace (Rhinichthys osculus) being the
most abundant. The speckled dace significantly increased at one of the sites; the Sonora sucker (Catostomus insignis)
significantly decreased at 2 sites; and the longfin dace (Agosia chrysogaster), the desert sucker (Catostomus clarkii),
and the Gila chub (Gila intermedia) populations did not display any significant trend. Correlations between fish abundance and mesohabitat proportions were highly variable but mostly nonsignificant. These results suggested that conservation efforts contributed to the stabilization of native fish populations. However, current trends and especially the
partial decline of the Sonora sucker emphasized the need for further monitoring and research that would allow managers to better understand fish population dynamics and ecology and ultimately achieve the full recovery and conservation of native fish populations and their habitats.
RESUMEN.—Proteger las zonas ribereñas es fundamental para conservar la biodiversidad. La exclusión de actividades humanas y de especies de peces invasoras han sido usadas como medidas de protección para las poblaciones
vulnerables de peces nativos en Bonita Creek (Graham County, AZ). Con el propósito de evaluar la efectividad de
estas medidas de conservación, durante los años 2005–2016, se estimó la cantidad de peces nativos de cinco especies
y, durante los años 2011–2016, se estimaron las dimensiones del mesohábitat de cuatro sitios. La variación interanual
del número de peces fue alta en todas las especies, siendo la carpita pinta (Rhinichthys osculus) la más abundante. La
presencia de la carpita pinta incrementó significativamente en uno de los sitios, la presencia del matalote de Sonora
(Catostomus insignis) disminuyó significativamente en dos sitios. Mientras que, las poblaciones de pupo panza verde
(Agosia chrysogaster), matalotes del desierto (Catostomus clarkii) y carpa del Gila (Gila intermedia) no mostraron
ninguna tendencia significativa. Las correlaciones entre la abundancia de peces y la proporción del mesohábitat fueron
muy variables y, en su mayoría, no significativas. Estos resultados indican que los esfuerzos de conservación contribuyeron positivamente a la estabilización de las poblaciones de peces nativos. Sin embargo, las tendencias actuales
y, especialmente, el declive parcial del matalote de Sonora, enfatizaron la necesidad de llevar a cabo monitoreos e
investigación futura que permita mayor comprensión de la dinámica y la ecología de las poblaciones de peces, para
finalmente lograr la recuperación y conservación total de las poblaciones de peces nativos y de sus hábitats.

Knowledge about the population and community ecology of animals and the study of
their habitats are necessary for developing
successful conservation strategies (Hanski and
Gilpin 1997). Native fishes have declined
throughout the southwestern United States
(Warren et al. 2000), including Arizona (Clarkson et al. 2005). For example, within the Gila
River, 57% of the 21 native fish species that

historically occupied the basin are imperiled
or have been extirpated (Weedman et al. 1996,
USBR and BLM 2007). Declines in native
fish populations are due in large part to a
long history of water development and poor
watershed practices that have dramatically
altered riverine habitats (Minckley and Deacon 1991, Rinne and Minckley 1991). Many
desert fishes that have limited distributions
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(Schultz 2009) are often unique genetically
and considered evolutionarily significant units
of high conservation value (e.g., Rinne 2004).
Nonnative fish are another serious long-term
threat to the status and recovery of native
aquatic vertebrates (Marsh and Pacey 2005).
In Arizona, nonnative fish species outnumber
native fish species by a 2:1 ratio (Boydstun et
al. 1995). Direct impacts of nonnative fish on
native fish include predation, competition,
hybridization, habitat alteration, and parasite
and pathogen transmission (Minckley 1991,
Douglas et al. 1994).
In the southwestern United States, riparian areas are the most ecologically productive
lands, offering many ecosystem services,
despite occupying <2% of the total land surface (Baker et al. 2004). They are essential for
fish assemblages by providing thermal buffering, invertebrates as food, and woody debris
and root wads as habitat (Naiman et al. 1993,
Pusey and Arthington 2003). Therefore, the
protection and restoration of riparian areas
has been a top environmental priority (Millennium Ecosystem Assessment 2005, Jones
et al. 2010, Meixler and Bain 2010, Lite et al.
2005). The Gila Box Riparian National Conservation Area (hereafter Gila Box), which is
part of the Gila River Basin, was established
under the Arizona Desert Wilderness Act of
1990 to preserve and protect water bodies and
riparian areas with their associated native
fish populations. Since the 1900s, at least 40
nonnative fish species have become established in the Gila River. With the establishment of the Gila Box, roads were closed, and
all-terrain vehicle use and livestock grazing
were prohibited. Such closures and prohibitions are common practices for the conservation of riparian zones in southwestern United
States (National Research Council 2002).
In these large protected natural areas, predicting the effects of conservation interventions that focus on the restoration of native
fish populations can be difficult (Villagra et
al. 2009). However, monitoring of protected
populations and habitats following such interventions would allow for the estimation of
long-term changes and the assessment of population status and likely effects of habitat
changes. Ultimately, such knowledge would
allow assessment of the effectiveness of current conservation efforts and give insights for
their further improvement (Bestelmeyer 2006).
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The specific objectives of this study were (1) to
determine patterns in the abundance of native
species from 2005 to 2016 and (2) to measure
stream habitat from 2011 to 2016 and determine possible habitat effects on changes in
fish abundance.
METHODS
Study Area
The Bonita Creek Basin, a major portion
of which belongs to Gila Box, is in southeastern Arizona and covers approximately
1269 km2 (Fig. 1). Bonita Creek can be separated into upper and lower sections by an
intermittent segment of the stream that has
inhibited the invasion of the upper reach by
nonnative fish. This separation is in part due
to the City of Safford’s infiltration gallery,
where most of the surface flow is diverted
for municipal use. In 2008, the Bureau of
Reclamation constructed a fish barrier that
is located 1.7 miles downstream from the
infiltration gallery and 1.3 miles from Bonita
Creek’s confluence with the Gila River (Fig. 1).
The fish barrier was constructed as an impediment to nonnative fish movement upstream
from the Gila River and lower reaches of
Bonita Creek during high stages of stream
flow and as a way to protect existing native
fish populations (USBR and BLM 2007).
The native fish assemblage of Bonita Creek
includes the Gila chub (Gila intermedia), longfin dace (Agosia chrysogaster), speckled dace
(Rhinichthys osculus), desert sucker (Catostomus clarkii), and Sonora sucker (Catostomus
insignis). The Gila chub is listed as endangered under the federal Endangered Species
Act (ESA) and has been extirpated or reduced
in numbers and distribution in most of its
historical range (Weedman et al. 1996) within
the Gila River (USFWS 2005).
Nine nonnative fish species have invaded
the lower 3-mile section of Bonita Creek, from
the Gila River to the infiltration gallery,
including green sunfish (Lepomis cyanellus),
smallmouth bass (Micropterus dolomieu),
channel catfish (Ictalurus punctatus), fathead
minnow (Pimephales promelas), red shiner
(Cyprinella lutrensis), common carp (Cyprinus
carpio), western mosquitofish (Gambusia
affinis), black bullhead (Ameiurus melas), and
yellow bullhead (Ameiurus natalis) (Minckley
and Deacon 1991).
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Fig. 1. (a) Arizona and the United States. (b) The Gila Box Riparian National Conservation Area is located near Safford in southeastern Arizona, USA. (c) The boundaries of the Gila Box Riparian National Conservation Area (black line),
the fish monitoring sites (circles), the infiltration gallery (triangle), and the fish barrier (star). The fish monitoring sites,
from upstream to downstream, were Reservation Boundary (1), Midnight Canyon (2), Red Knolls (3), and Lee Trail (4).
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Data Collection
Four fixed 200-m-long fish-monitoring sites
were established in Bonita Creek with yearly
fish surveys in May from 2005 to 2016. These
4 sites were selected after the entire stream
reach of interest was walked. The most representative sites with relatively easy access were
selected. Specifically, the survey sites were
Reservation Boundary, Midnight Canyon, Red
Knolls, and Lee Trail, all located above the
infiltration gallery (Fig. 1). Fish samples were
collected by crews of approximately 4–6 people using backpack electrofishers (Smith Root
Model LR24). The survey of each site typically lasted for approximately 1 d.
Ocular surveys of the mesohabitat were
also conducted from 2011 to 2016 at all monitoring sites based on the American Fisheries
Society macrohabitat classification (Arend
1999). For this study, pool, run, riffle, and glide
mesohabitats were surveyed (Arend 1999).
Pools are nonturbulent lateral constructions of
channel or sharp drops in water surface profile (i.e., deep still bodies). Runs are nonturbulent with swift velocities and are moderately
shallow, but deeper than riffles. Riffles have
shallow depth, moderate turbulence, and fast
velocities. Glides are characterized by nonturbulent low to moderate velocities and represent the transition between a pool and a riffle.
Data Analysis
Fish abundance was expressed as catch per
unit effort (CPUE = number of fishes caught
per hour [fish ⋅ h−1]). The fish of Bonita Creek
are generally sedentary, meaning that they do
not disperse widely, and separate populations
do not communicate with each other (Bestgen
et al. 1987). Therefore, fish populations from
the 4 sampling sites were analyzed separately.
The plot of the residuals of the fish data
against fitted and observed values for each
species indicated nonlinear relationships. This
meant that linear regression models were not
appropriate for the estimation of trends in
fish time series. Therefore, the nonparametric
and distribution-free test of Mann–Kendall
(M–K) was applied to the annual abundance
values for the 5 fish species to statistically
determine whether there was a monotonic
(constant) upward or downward trend of the
variable of interest over time (Gilbert 1987).
The Sen’s slope, which is the median slope
joining all pairs of observations, was calculated
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with the trend R package (Pohlert 2018) and
the M–K tau values were calculated with the
Kendall R package (McLeod 2011). Fish abundances among sampling sites were compared
with Kruskal–Wallis ANOVAs and pairwise
post hoc Mann–Whitney U tests with Bonferroni correction for multiple testing (Zar 1999).
The association of fish abundance with habitat proportions at the 4 sampling sites was
tested with the Kendall tau rank correlation
coefficient. Tau values were calculated with
the Kendall R package.
RESULTS
Fish abundance time series showed substantial temporal variation (Fig. 2a–e). The
speckled dace was the most abundant species
at Bonita Creek, with mean abundance ranging between 323.0 fish ⋅ h−1 CPUE (SD
224.5; speckled dace, Midnight Canyon) and
11.6 fish ⋅ h−1 CPUE (SD 8.9; longfin dace,
Lee Trail).
The speckled dace had high abundances in
the beginning and at the middle of the time
series, and also displayed an upward trend
during the second half of the sampling period
(2012–2016) at Midnight Canyon, resulting in
a significant positive monotonic trend (Fig.
2a, Table 1). The Sonora sucker varied considerably over time, with a significant negative monotonic trend at Reservation Boundary and Red Knolls (Fig. 2c). The longfin
dace, the desert sucker, and the Gila chub did
not display any significant monotonic trend
(Fig. 2b, d, e).
Mean abundance varied between sites;
however, differences were mostly nonsignificant due to high interannual variation within
each site (Fig. 2a–e). Mean abundance did not
differ significantly among sites for the Gila
chub, the Sonora sucker and the desert sucker
(Kruskal–Wallis ANOVA: H < 3.056, P >
0.383). On the other hand, differences were
significant for the longfin dace (H = 7.031,
P = 0.030) and the speckled dace (H = 8.662,
P = 0.034). The longfin dace was significantly
more abundant at Reservation Boundary,
which had higher percentages of riffles, runs,
and glides, than it was at the pool-dominated
Lee Trail (Mann–Whitney U = 24.000, P =
0.006). The speckled dace was more abundant
at Midnight Canyon than at Lee Trail (Mann–
Whitney U = 24.000, P = 0.006).

CPUE (fish ⋅ h−1)

CPUE (fish ⋅ h−1)
CPUE (fish ⋅ h−1)
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Fig. 2. Variation in abundance of 5 fish species at 4 sites in Bonita Creek, Arizona, USA, during 2005–2016: (a) speckled
dace, (b) longfin dace, (c) Sonora sucker, (d) desert sucker, (e) Gila chub. Note different y-axis scales for CPUE.

TABLE 1. Monotonic trends of abundance for 5 fish species at 4 sites in Bonita Creek, Arizona, USA, during 2005–
2016. Sen’s slope values are given (CPUE ⋅ year−1). Sen’s slope values in bold denote statistical significance.
Species
Speckled dace
Longfin dace
Sonora sucker
Desert sucker
Gila chub
*P < 0.05
**P < 0.01

Reservation Boundary

Midnight Canyon

Red Knolls

Lee Trail

6.275
3.350
−5.221*
−1.498
1.331

33.870*
2.048
−6.042
4.194
1.864

−15.523
—
−8.746**

−7.375
−0.902

1.753
1.506

−1.933

3.400
4.886
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Fig. 3. Percentage of mesohabitats (pool, glide, riffle, and run) at the 4 fish survey sites in Bonita Creek, Arizona, USA,
during 2011–2016: (a) Reservation Boundary, (b) Midnight Canyon, (c) Red Knolls, (d) Lee Trail.

TABLE 2. Kendall rank correlation testing the association between the abundance (catch per unit effort [CPUE]
expressed as fish ⋅ h−1) of fish populations and mesohabitat percentage (%), estimated at 4 sites in Bonita Creek, Arizona,
USA, during 2011–2016. The tau statistic is given. Tau values in bold denote statistical significance.
Species and site
Speckled dace
Lee Trail
Red Knolls
Midnight Canyon
Reservation Boundary
Longfin dace
Lee Trail
Red Knolls
Midnight Canyon
Reservation Boundary
Sonora sucker
Lee Trail
Red Knolls
Midnight Canyon
Reservation Boundary
Desert sucker
Lee Trail
Red Knolls
Midnight Canyon
Reservation Boundary
Gila chub
Lee Trail
Red Knolls
Midnight Canyon
Reservation Boundary
*P < 0.05

Pool

Glide

Riffle

Run

−0.067
−0.400
−0.333
−0.200

0.333
0.4
−0.138
−0.467

0.602
0.857*
−0.600
0.115

−0.447

–0.067
—
–0.333
0.333

0.333
—
0.138
−0.200

0.43
—
−0.333
−0.346

–0.298
—
0
–0.276

−0.200
−0.400
−0.333

0.2
0.4
0.138
−0.733*

0.333
−0.600

0.086
0.857*
0.2
0.115

0.316
0.276
−0.276

–0.149
0.316
0
–0.276

0
−0.600
0.6

0.067
0
0.138
−0.467

0.43
0.12
−0.333
−0.115

0.2

−0.467

−0.258

0.298

0.4
0.276
0.467

0.12
0.6
0.115

−0.632
−0.414

−0.400

0.067
−0.600

–0.149
–0.632
0.276
−0.276

0.276
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Mesohabitat proportions varied highly with
time at Reservation Boundary and Midnight
Canyon, whereas pool habitat dominated at
Red Knolls and Lee Trail (Fig. 3). The speckled dace and the Sonora sucker were significantly positively associated with riffles at
Red Knolls during 2011–2016 (Table 2). The
Sonora sucker was significantly negatively
associated with glides at Reservation Boundary. All other associations between fish abundance and mesohabitat proportions were highly
variable but nonsignificant.
DISCUSSION
The importance of the restoration of riparian areas for stream ecosystems has been
highlighted by many researchers (Schultz et
al. 1995, Edwards and Williard 2010, Arthun
et al. 2013, Tufekcioglu et al. 2013, Zaimes
and Schultz 2015). Native fish are a major
conservation objective in the context of riparian areas, where, because of their sensitivity to
disturbances, they can act as environmental
quality indicators to help assess the success
of riparian restoration efforts (Davis and Simon
1995, Karr and Chu 1999). In this study, the
population status of 5 imperiled native fish
populations and mesohabitat proportions were
determined at 4 sites in Bonita Creek, Arizona, following conservation interventions.
Variation in abundance was high between
years for all species, with the speckled dace
being the most abundant native fish of Bonita
Creek. Populations were mostly stable at all
the sites during the 12-year period, with the
exception of the speckled dace, which significantly increased at Midnight Canyon, and the
Sonora sucker, which significantly decreased
at Reservation Boundary and Red Knolls. The
dace species are considered the most common native species in lower Bonita Creek
(Minckley and Deacon 1991, Bureau of Land
Management unpublished data). The Sonora
sucker is considered more uniformly distributed in Bonita Creek today, compared to the
1970s, presumably due to the higher availability of pool mesohabitats following the
exclusion of human activities (Bureau of Land
Management unpublished data). However,
these reported trends cannot explain the significant decline of the Sonora sucker at 2
sites in Bonita Creek, especially at the pooldominated Red Knolls. The desert sucker, the

least abundant species in this survey, was by
far the most common fish species in Bonita
Creek before the removal of livestock grazing
(Minckley and Deacon 1991). It is speculated
that the lack of streamside shade vegetation,
which is consumed by livestock, most likely
sustained large amounts of the desert sucker’s
preferred food base, attached algae. As riparian
vegetation returned and shaded the stream
bottom and pool development proceeded, the
algal food base declined.
Shortly after construction of the fish barrier in 2008, abundance of all native species
mostly increased, mainly during 2010–2012,
and thereafter stabilized to levels similar to
those prior to 2008, with the exception of the
Sonora sucker, which declined at 2 sites.
Although no nonnative fish species were
recorded in our 12-year survey, Woodward et
al. (2016) found that some populations of nonnative species still persist in lower Bonita
Creek, mainly green sunfish, flathead minnow, western mosquito fish, and yellow bullhead. Most of these nonnative species are piscivores or omnivores, and there is also broad
overlap among native and nonnative fishes in
their use of habitats and biological resources
(Pacey and Marsh 1998). It might be that some
predation and competition by nonnatives still
persist, putting pressure on native fish populations. However, further research is needed to
resolve this issue.
The 2 dace species were generally more
abundant at Midnight Canyon and Reservation Boundary, sites rich in riffle and run
habitats. In Aravaipa Creek, also in southeastern Arizona, the longfin dace was most ubiquitous in terms of presence, distribution, food
habits, and habitat use in the riffle mesohabitat with smoother, laminar flow of moderate
velocity over gravel-sand substrate (Schreiber
and Minckley 1981, Rinne 1992). Rinne (1992)
also reported that speckled dace used riffle
habitat with swift, turbulent flows over
gravel-pebble substrate and concluded that,
despite slight differences in habitat preference, the longfin and speckled dace occupy
similar habitats. The Gila chub, Sonora sucker,
and desert sucker were not associated with
particular sites, as differences in abundance
were not observed across sites. Gila chub,
especially adults, have often been regarded
as preferring calm water and pools (Rinne and
Minckley 1991). However, Schultz (2009) found
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that large Gila chub in Bonita Creek may at
times prefer, or at least use in proportion to
abundance, habitats comprising moderate to
shallow waters with significant currents. The
Sonora sucker is considered a “pool dweller”
and more commonly inhabits pools characterized by slow current with sand/fine gravel
substrate materials (Rinne 1992). The desert
sucker prefers very turbulent waters, rapids,
and flowing streams with gravelly bottoms
(Clarkson and Minckley 1988, Rinne 1992).
In our study, changes in abundance were not
correlated with changes in mesohabitat proportions. Furthermore, in many cases, contrasting correlations were observed between
sites in mesohabitat proportions. These findings suggested that other factors might be
responsible for the observed variation in the
abundance of native fish populations.
CONCLUSIONS
Terrestrial vehicles and grazing were
banned from the Gila Box in an effort to protect water bodies and riparian areas with
their associated native fish populations. Following these interventions, the populations
of the 5 native fish species in Bonita Creek
remained stable, with the exception of 1
speckled dace population that significantly
increased and 2 Sonora sucker populations
that significantly decreased. Furthermore, the
exclusion of nonnative fish from the upper
Bonita Creek was followed by an increase of
most native fish populations, although only
for a short period. It seems that the exclusion
of human activities and nonnative fish has
helped in halting the further decline of the
studied populations; however, more efforts are
necessary for full recovery. Mesohabitat proportions at the studied sites did not explain
population trends. Overall, further monitoring of and research on the population dynamics and habitats of native fish should be conducted, and reinvading nonnative fish should
be detected to guide better restoration projects for targeted outcomes.
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